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SUMMARY 
Field studies indicate the CO, produced by the respiration of roots 
may comprise a significant portion of the total amount of the gas evolved 
from forest soil. 


The contribution of the respiration of living root tissue? to the 
total “soil respiration” has been ignored by some workers and 
emphasized by others. Turpin (1920) concluded from his intensive 
review of literature on the subject that most authorities agree that 
decomposition by bacteria plays the major role in the production of 
CO, in the soil. However, some investigators, notably Johansson 
(1934) and Meyer and Schaffer (1954), have expressed the belief 
that the respiration of roots often contributes very significantly to 
soil respiration, Lundegardh (1924) stated that root respiration 
comprises about a third of the total soil respiration, Work by Turpin 
(1920) and experiments cited by Meyer and Koepf (1960) indicate 
that roots can contribute even more than Lundegardh estimated. 
Research by Turpin showed that plant roots often produce many 
times as much CO, during periods of active growth as is produced 

1 Portion of a dissertation presented to the faculty of the Graduate 
School of Yale University in partial fulfillment of the requirements for the 
Ph. D. degree. Professor David M. Smith directed the study. 

? Respiration from living root tissue can not be separated readily from 
that of symbiotic mycorrhizal fungi and other associated microorganisms 
and of decomposing organisms operating on dead root tissue, and no attempt 
to do so is made in this report. 
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by soil organisms. Also, calculations of the amount of CO, that 
could be produced by decay of the annual litter fall indicate that 
the importance of this source of CO, may have been overestimated 
(Wiant, in press). 

It is obvious that the respiration of root tissue furnishes some 
portion of the total soil respiration, It follows that the quantity of 
CO, produced by roots in a soil may be related to the amount and 
activity (growth, etc.) of root tissue. Data presented by Stoklasa 
and Ernest (1909) and Parker (1924) indirectly showed that the 
amount of CO, produced by the roots of agricultural plants was 
related to the quantity of roots involved. Misra (1951) found greater 
amounts of CO, in the soil air of a sugarcane field associated with 
taller plants, although he presumably failed to recognize the proba- 
ble relation of his findings to amounts of root tissue. 

This study was made to obtain some estimate of the contribution 
of roots to forest soil respiration. 


MATERIALS AND METHODS 

Field studies were conducted in a 29-year-old mixed forest planta- 
tion near New Haven, Connecticut, described elsewhere (Wiant 1964, 
1966). In the central portion of adjacent blocks of eastern white 
pine (Pinus strobus L.) and eastern hemlock (Tsuga canadensis (L.) 
Carr.), square plots were delimited, measuring 50 centimeters on 
each side. One plot was randomly selected for treatment on June 
20, 1962, which consisted of extracting all visible roots to a depth 
of 30 centimeters. The adjacent untreated plot served as a control. 
This procedure was replicated five times per species. 

Concentrations of CO, were determined with a Model 15A Liston- 
Becker infrared gas analyzer coupled with an Esterline-Angus recor- 
ding milliammeter. Air was drawn through Tygon plastic tubing 
(5 millimeters, inside diameter) with a small (1/70 h.p.) diaphragm- 
electric pump. The flow rate was 1] liter per minute. Moisture 
was removed from air samples by circulation through Drierite 
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(CaSO,) prior to introduction into the analyzer. When necessary, 
CO, was removed by drawing the air through Ascarite, a sodium 
hydrate asbestos absorbent. 


Comparative estimates of the amount of CO, contained in the 
soil from which tree roots had or had not been extracted were made 
by inserting a bottomless quart can 2 centimeters into the mineral soil. 
The unincorporated organic matter was removed immediately before 
sampling. Carbon dioxide was eliminated from all sampling lines, 
and, 5 minutes from time of can insertion, the sample of soil air was 
drawn from the top of the can into the analyzer. The initial peak 
of CO, concentration was recorded. The first air drawn into the 
analyzer, therefore, contained not only the CO, from an unknown 
volume of soil influenced by the initial suction, but also that “cap- 
tured” from the atmosphere while inserting the can and that which 
diffused into the can from the soil during the 5-minute lag. This 
technique was used to prevent the drawing of air from adjacent un- 
treated soil when sampling plots from which roots had been extract- 
ed, something which might be anticipated if the flow rate of 1 liter 
per minute were maintained for an extended period. 


RESULTS AND CONCLUSIONS 


On July 4 and 19, 1962, the amount of CO, in the soil of each 
plot was measured. Soil temperatures were determined at each plot 
during sampling with a thermocouple inserted 2 centimeters into the 
mineral soil, and, in almost every instance, the temperatures of adja- 
cent plots were identical. After sampling, soil samples were collected 
from the plots for moisture content determinations. 


As can be seen in Table 1, the amount of CO, measured was sig- 
nificantly greater (1% level of probability) in the untreated plots 
under both white pine and hemlock. One might assume that this 
was a consequence of root removal, resulting in less CO, being produ- 
ced in the plots without roots. If so, one can roughly estimate the 
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Table 1. Average CO, and moisture content measured in white 
pine and hemlock soil with and without roots. 


Date Roots CO, (p.p-m.) Moisture content (%) 
White pine Hemlock White pine Hemlock 
July 4 Intact 964 617 21.6 20.9 
Extracted 525 452 23.0 24.2 
July 19 Intact 868 666 18.7 17.6 
Extracted 611 531 22.5 23.5 


influence of root respiration by deducting 300-350 p.p.m. for the 
outside air “captured” by the sampling technique and comparing the 
difference induced by treatment to the CO, content in the undistur- 
bed plots. This calculation indicates an average of at least 50 per- 
cent of the CO, was produced by roots. The contribution of roots 
percentage-wise undoubtedly fluctuates considerably in time, due not 
only to differences in root activity but also to the amount of CO, 
produced by decay organisms very sensitive to changes in moisture 
and temperature. The assumption that root removal was responsi- 
ble for the differences noted in CO, content becomes even more 
convincing when the results are viewed in light of the fact that there 
was a significantly greater amount of moisture in the treated plots 
under both species (Table 1), and this should have tended to elevate 
respiration and decomposition in these plots. Toumey and Kien- 
holz (1931), and many others, found more soil moisture in trenched 
than untrenched plots and attributed this to reduced root competi- 
tion for moisture in the trenched areas. 

The change in soil structure resulting from the process of root 
extraction may be responsible to an unknown extent for the lower 
amount of CO, measured in the treated plots. As Smith and Brown 
(1933) pointed out, a high concentration of CO, in the soil does not 
always mean the soil has a high rate of CO, production, because the 
CO, produced may accumulate in one soil more than another due to 
differences in soil porosity. In other words, the concentration of 
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CO, in soil air is a function not only of the rate of production but 
also of the rate of escape. In this study the greater porosity induced 
by sieving and root extraction may have permitted more rapid CO, 
evolution and less accumulation in the treated than the undisturbed 
control plots. 

It should be recognized also that decomposition of unincorporated 
organic matter can contribute to the total soil respiration. No esti- 
mate of this contribution was made in this study. 
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